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MAGNETIC STORAGE WRITE HEADS USING 
MICRO ELECTRO MECHANICAL SHUTTERS 

Field of the Invention 

5 The present invention relates generally to magnetic storage systems, and more 

particularly, to techniques for reducing voltage spikes in such magnetic storage systems. 

Background of the Invention 

Magnetic storage systems typically store information on a magnetic storage 
material, such as a magnetic disk, by controlling the direction of a magnetic field on a portion of 
the disk associated with a given bit. For example, a magnetic field in a first direction can 
indicate a first binary value, such as a binary value of zero, while a magnetic field in the opposite 
direction indicates a second binary value, such as a binary value of one. Generally, the direction 
of the magnetic field is controlled by controlling the direction of current through an inductive 
write head in order to change the magnetic domains on the magnetic storage material. 

The electromotive force caused by the self inductance of the write head must be 
overcome. Typically, the self inductance of the write head is overcome using a large current 
spike, referred to as a "pre-charge," at the beginning of the write cycle. The resulting voltage 
spike, generally given by the value of the inductance multiplied by the change in current per unit 
of time, has a finite rise time due to the inductance. Thus, the magnitude of the voltage spike 
varies in proportion to the change in current per unit of time (i.e., the faster the current change, 
the larger the voltage spike). The resulting voltage spikes create large traveling waves and 
overshoot on the current waveforms which travel down the transmission line, reflect back off of 
the write head and cause unwanted changes to the write current waveforms. 

A need therefore exists for a method and apparatus for changing the magnetic 
domains of a magnetic storage system that mitigates these above-described issues and is useful 
for high performance magnetic storage systems. A further need exists for techniques for 
reducing voltage spikes in such magnetic storage systems. 

30 Summary of the Invention 

Generally, a write head is disclosed for a magnetic storage system that energizes a 
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write coil for a plurality of bit intervals and selectively shutters the magnetic field to alter a 
magnetic domain of a magnetic storage medium for each bit interval. The position of the shutter 
may be controlled, for example, using a micro-electro mechanical system. Magnetic pole 
segments are used provide a loop between the write coil and the magnetic storage medium. 
5 Magnetic shielding may be optionally implemented using, for example, Nickel (Ni) metallization 
or Cobalt (Co) deposition on the shutter mechanisms, in order to better control the reflection of 
the magnetic fields. 

In a rewritable magnetic storage system according to the present invention, a first 
write coil generates a positive magnetic field and a second write coil generates a negative 
10 magnetic field. A shutter is associated with each write coil to selectively allow the positive or 
negative magnetic fields to alter the magnetic domain of the magnetic storage medium. In one 
embodiment, the positive or negative magnetic fields can alter the magnetic domain in a 
collocated region of the magnetic storage medium to avoid jitter. 

Thus, the present invention provides a method and apparatus for changing the 
15 magnetic domains of a magnetic storage system that mitigates the above-described issues caused 
by voltage spikes and is useful for high performance magnetic storage systems. 

A more complete understanding of the present invention, as well as further 
features and advantages of the present invention, will be obtained by reference to the following 
detailed description and drawings. 

20 

Brief Description of the Drawings 

FIG. 1 is a cross sectional view of a write head for a one time programmable 
magnetic storage system incorporating features of the present invention; 

FIG. 2 is a schematic block diagram of an array of shutters of FIG. 1; 
25 FIG. 3 is a cross sectional view of a write head for a rewritable magnetic storage 

system incorporating features of the present invention; and 

FIG. 4 is a cross sectional view of an alternate write head for a rewritable 
magnetic storage system incorporating features of the present invention. 
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Detailed Description 

FIG. 1 is a cross sectional view of a write head 100 for a "write once" (or one 
time programmable) magnetic storage system incorporating features of the present invention. 
According to one aspect of the invention, the write head includes a write coil 1 10 that generates a 
5 magnetic field. The write coil 110 may be continuously energized whenever the magnetic 
storage system is operational or may be energized for shorter intervals and maintained for at least 
a plurality of bit intervals, provided that the write coil reaches steady state before a bit is to be 
written to the magnetic storage material. As shown in FIG. 1, the write coil 1 10 includes a wire 
coil having an orientation such the direction of current is established by a set 115 of arrow heads 

10 (out of page) and a set of arrow tails 118 (into page). The direction of the resulting magnetic 
field 120 is determined in accordance with the well known right hand rule, by controlling the 
direction of current through the write coil 110. For the exemplary embodiment shown in FIG. 1, 
the magnetic field 120 is generated in a clock- wise direction. Since the write coil 110 is 
continuously energized, there is a continuous magnetic field 120 and the voltage spikes 

15 associated with conventional designs are not introduced. 

According to another aspect of the invention, the path of the magnetic field 120 is 
controlled by one or more shutters 200 to selectively alter the magnetic domain of a magnetic 
storage material 150, such as a disk. In an open position of the shutter 200, the magnetic field 
120 is allowed to pass the shutter 200 and will follow an outer loop 130 comprised of magnetic 

20 material segments 132, 134, 136 and the magnetic storage material 150. In a closed position of 
the shutter 200, the magnetic field 120 is not allowed to pass the shutter 200 and will follow an 
inner loop 140 that bypasses the disk 150 and is comprised of magnetic material segments 132, 
134, 136 and 138. In this manner, the magnetic domain of the magnetic storage medium 150 is 
selectively altered based on the position of the shutter 200. For example, the shutter 200 may be 

25 positioned in the open position for a write cycle, and a closed position for a non-write cycle. 

In one implementation, a narrow vertical pole 134 concentrates the magnetic field 
120 for writing to the disk 150. The wide vertical pole 136 is used to spread out the magnetic 
flux coming back up from the disk 150 when writing the disk. Generally, the wide vertical pole 
136 should be wide enough so that the magnetic field 120 cannot overwrite the state of the 

30 magnetic domains under it. 
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FIG. 2 is a schematic block diagram of an array 200 of shutters 210ij. In the 
exemplary embodiment, the array 200 consists of three rows and three columns of shutter 
elements 210. As shown in FIG. 2, each shutter element 210 can pivot across a central axis 
between an open (not shown) and closed position (shown), in a similar manner to a Venetian 
5 blind. The position of each shutter element 210 can be controlled, for example, using micro 
electro mechanical systems (MEMS) or other micromachine control elements. It is noted that 
micro electro mechanical systems switches are increasingly used for optical networks and other 
applications. In an optical network application, MEMS switches have been employed, for 
example, to move a mirror that changes the propagation direction of light, or blocks the light 

10 entirely. United States Patent Number 5,974,207, for example, discloses a wavelength-selective 
add-drop multiplexer that uses movable mirrors to add and/or drop spectral components from a 
wavelength-division-multiplexed optical signal. Magnetic shielding may be implemented using 
Nickel (Ni) metallization or Cobalt (Co) deposition on the shutter mechanisms 210. In this 
manner, when the shutter elements 210 are in a closed position, the magnetic field will be 

15 reflected to the inner loop 140. 

In a further variation, the shutter elements 210 can selectively be lifted (as 
opposed to tilted) between an open and closed position to allow the magnetic flux to travel 
around the individual lifted shutter elements 210. Generally, the write head 100 of FIG. 1 and 
the shutter 200 of FIG. 2 can write a single bit of information at a given time, generally 

20 corresponding to the region of the disk associated with shutter element 2IO2, 2. Other variations 
are possible, as would be apparent to a person of ordinary skill. The writing of each bit is 
synchronized to the rotation of the disk 150, in a known manner. 

As previously indicated, the write head 100 shown in FIG. 1 may be employed in 
a "write once" magnetic storage system. Generally, the write head 100 may be used to write 

25 information to the disk 150, but once written, such information cannot be erased (since the write 
head 100 can only generate a magnetic field in one direction). FIG. 3 is a cross sectional view of 
a write head 300 for a rewritable magnetic storage system incorporating features of the present 
invention. Generally, the rewritable write head 300 includes a first loop for a positive magnetic 
field (upward taken as +1 for illustration purposes), and a second loop for a negative magnetic 

30 field, each having one or more shutters to selectively alter the magnetic domain of the disk 350. 
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In this manner, the write head 300 can reverse the direction of the magnetic field so that a given 
bit area can be rewritten as a +1 value or a -1 value, independent of the prior state. 

The rewritable write head 300 includes first and second continuously energized 
write coils 310-1 and 310-2 that each generate magnetic fields in a clock- wise direction. As 

5 shown in FIG. 3, each write coil 310 includes a wire coil having an orientation such the direction 
of current is established by a set 315 of arrow heads (out of page) and a set of arrow tails 318 
(into page). Since the write coils 310 are continuously energized, there are continuous magnetic 
fields 320-1 and 320-2 and the voltage spikes associated with conventional designs are not 
introduced. In the exemplary embodiment, for a given bit location on the disk 350, the first loop 

10 associated with the magnetic field 320-1 writes a +1 value to the disk 350 (write mode) while the 
second loop associated with the magnetic field 320-2 writes a -1 value to the disk 350 (erase 
mode). 

The path of each magnetic field 320 is controlled by a corresponding shutter 200- 
1, 200-2 to selectively alter the magnetic domain of the disk 150 in corresponding regions 360-1, 

15 360-2. In an open position of the shutters 200-1, 200-2, the corresponding magnetic field 320-1, 
320-2 is allowed to pass the corresponding shutter 200-1, 200-2 and will follow an outer loop 
330-1, 330-2 that includes the magnetic storage material 350. In a closed position of the shutters 
200-1, 200-2, the corresponding magnetic field 320-1, 320-2 is not allowed to pass the 
corresponding shutter 200-1, 200-2 and will follow an inner loop 340-1, 340-2 that bypasses the 

20 disk 350. In this manner, the magnetic domain of the magnetic storage medium 350 is 
selectively altered in corresponding regions 360-1, 360-2 based on the respective position of 
shutters 200-1,200-2. 

In the exemplary implementation shown in FIG. 3, a narrow vertical pole 334-1, 
334-2 in each loop concentrates the magnetic field 320 for writing to the disk 350. The common 

25 wide vertical pole 336 for each loop should be wide enough so that the magnetic field 320 cannot 
overwrite the state of the magnetic domains under it. 

It is noted that the shutters 200-1 and 200-2 in the rewritable write head 300 of 
FIG. 3 (and the corresponding regions 360-1 and 360-2 that are written on the disk 350) are not 
collocated. Thus, a time shift is encountered when writing to the disc 350. If it is assumed that 

30 the disc 350 rotates from left to right, then to write to a specific bit domain on the disc 350, a -1 
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value must be delayed compared to a +1 value to account for the time it takes for the disc 350 to 
move from the + pole piece 334-1 to the - pole piece 334-2. The required time shift limits the 
maximum write rate. 

5 FIG. 4 is a cross sectional view of an alternate implementation of a write head 400 

for a rewritable magnetic storage system incorporating features of the present invention that 
allows the positive and negative magnetic field loops to affect a collocated region 460 of a 
magnetic disk 150 (i.e., values of +1 and -1 are written to the same region 460 of the disk 150). 
As shown in FIG. 4, an exemplary rewritable write head 400 includes four shutters S1-S4 

10 (magnetic switches) that may each be embodied, for example, as the shutter array 200 shown in 
FIG. 2. The four shutters S1-S4 allow the magnetic field to be steered so that the magnetic field 
from a write head 410 is can be either a positive or negative value. As discussed further below, 
the respective positions of each of the four shutters S1-S4 determines whether a magnetic field 
generated by a first write coil 410-1 follows a first upper path 420-Ui or a first lower path 420- 

15 Li. Similarly, the four shutters S1-S4 determine whether a magnetic field generated by a second 
write coil 410-2 follows a second upper path 420-U2 or a second lower path 420-L 2 . 

The shutters S1-S4 may be implemented in a similar manner to FIG. 2, where 
each shutter element 210 pivots across a central axis between an open (not shown) and closed 
position (shown), similar to a Venetian blind. In such an implementation, a value of -1 is written 

20 to the disk 150 by enabling the first lower path 420-Li. The first lower path 420-Li is enabled by 
opening shutter S2 and closing shutter SI. In addition, the second upper path 420-U2 should be 
enabled to prevent the simultaneous writing of a value of +1 by opening shutter S3 and closing 
shutter S4. Similarly, a value of +1 is written to the disk 150 by enabling the second lower path 
420-L2. The second lower path 420-L2 is enabled by opening shutter S4 and closing shutter S3. 

25 In addition, the first upper path 420-Ui should be enabled to prevent the simultaneous writing of 
a value of -1 by opening shutter SI and closing shutter S2. 

It is to be understood that the embodiments and variations shown and described 
herein are merely illustrative of the principles of this invention and that various modifications 
may be implemented by those skilled in the art without departing from the scope and spirit of the 

30 invention. 
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